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GENERAL INTRODUCTION 
Prior to the 1960's, com ears were largely picked by hand in North America. 
Mechanical pickers were rapidly adopted after World War IL The intact com ears were 
transported to an open-air comcrib for drying, storage and later shelling. By picking the ears 
whole versus field shelling, farmers could harvest at higher moistures with lower mechanical 
damage. As efficient mechanical grain dryers developed, farmers began to move away from 
ear picking toward field shelling with combines. Farmers switched to using a combine for its 
greatly increased productivity, field efficiency and the fact that grain was easier to transport. 
However, when field shelling took place at higher moistures, there was a severe penalty in 
grain damage. With this increase in mechanical grain damage, academia responded by 
increasing their research efforts. Throughout the 1960's and 70's Iowa State and other 
midwestem universities did extensive grain damage research. This research primarily dealt 
with the relationship of grain quality to sheller designs, cylinder speed, ground speed, 
concave clearance etc. That research showed clearly that grain quality decreased as moisture 
content and cylinder speed increased. 
Renewed interest in grain quality has been sparked by growth in two market areas. 
First and foremost is the popcorn industry. The popcorn industry nationwide boasts annual 
sales in excess of $240 million, with the largest product sector being microwaveable popcorn 
(www.popweaver.com, 2002). For this sector, the degree of kernel damage is extremely 
important. An undamaged kernel contains internal moisture which when heated causes the 
kernel to expand rapidly. In a damaged kernel, the internal moisture is allowed to escape 
through the damaged portion during the heating process and that prevents it from popping. 
The grain damage effects can be seen at the bottom of every bag of popcorn, causing 
consumers to be dissatisfied. 
The second growing market area is in food-grade com industry. Food com 
processing companies generate products such as com chips and hominy grits for human 
consumption. First of all, the lower the kernel damage the longer the com can be stored. 
Nutrients are exposed in damaged com, allowing the invasion of insects and mold (Bern 
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2000). Pat Trotter, a plant manager at Frito Lay in Gothenburg, Nebraska stated that 
damaged kernels absorb more water during the soaking process, causing higher levels of oil 
in their finished product (Trotter, 2002). 
In August of 1999, Deere and Company released the Single Tine Separator (STS) 
series of combines on a limited basis to the North American market. The STS combine is a 
single rotor combine that incorporates a cylinder-type feed accelerator to transport the crop 
from the discharge side of the feeder house to the rotor intake. Deere's Product Team Leader 
Kevin Ehrecke, states that the primary functional reasons for developing the feed accelerator 
were: stone rejection and even crop feeding. In tough crop conditions like rice, the feed 
accelerator prevents slugging of the threshing rotor by ensuring smoother feeding. He also 
identified the feed accelerator as a potential location for grain damage to occur. 
This study was launched to seek ways to improve grain quality from the STS combine 
Series, with particular emphasis on the feed accelerator. This was sponsored by John Deere's 
World Wide Product Development Center to be conducted with the Agricultural Engineering 
Department at Iowa State University. The first part of the study examines the relationship 
between specific ear orientation into the laboratory feed accelerator and grain quality. 
Results from previous work at Iowa State University on ear orientation were 
conducted on a stationary cylinder type thresher and can be summarized as follows 
(Mahmoud 1972): 
• Ears fed with their axis perpendicular to the cylinder (tip-in) resulted in the highest 
damage levels. 
• Ear randomly fed into the cylinder suffered a moderate amount of damage. 
• Roll-in orientation resulted in the least amount of damage. 
In light of that work, a laboratory feed accelerator test stand was fabricated to 
continue orientation work, since ear orientation seemed to be a promising avenue to pursue. 
Based on the results from the orientation tests conducted using the laboratory feed 
accelerator, prototype parts were designed and installed on a 9750 STS combine. The second 
part of this study was the field aspect, which was carried out in the fall of 2001 on various 
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farms around Ames, Iowa. Success and failure of this study would be gauged on the ability 
to obtain the desired ear orientation into the feed accelerator and reduce damage. Initial 
results showed that ear orientation was possible and beneficial, however modifications to 
prototype parts would be needed. 
Thesis Format 
This thesis contains two separate papers with appendices. The required format for 
publication in the Transactions of the American Society of Agricultural Engineers was 
followed. The papers are titled: "Effects of Com Ear Orientation on Kernel Damage," and 
"Development and Testing of Modifications on an STS Combine to Improve Grain Quality 
in Com". Each of the papers will follow ASAE guidelines for structure: a general 
introduction, methods and procedures, conclusions, and references cited. 
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PAPER I 
EFFECTS OF CORN EAR ORIENTATION ON KERNEL DAMAGE 
A paper to be submitted to the Journal of ASAE. 
Seth A. Williams, Graeme R. Quick, Carl J. Bern, Theodore B. Bailey, and Kevin L. Ehrecke 
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ABSTRACT 
Laboratory tests were conducted using a stationary test stand to determine the effects 
on mechanical grain damage of specific ear orientation through an STS feed accelerator. 
Replications for three different treatments were conducted as follows: roll-in, random and 
tip-in ear orientation. Ear orientation through a laboratory feed accelerator was correlated 
with percent damage with a high level of statistical confidence. The roll-in orientation had 
the lowest average mechanical grain damage at 1.3% while the highest was the tip-in 
orientation at 3.1 %. 
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INTRODUCTION 
Increased emphasis on the mechanical damage produced by combines has resulted 
from the adoption of the production com head and efficient mechanical grain dryers. As 
efficient grain dryers were introduced, it became feasible for farmers to harvest their crops at 
moisture contents that could go as high as 35 percent. Unfortunately, mechanical damage 
during shelling increases exponentially (Waelti 1967). Kernel injury affects the short and 
long-term storability of com. When field shelling high moisture com, Saul and Steel (1965) 
reported that the grain could not be stored more than a few hours without aeration before 
some deterioration in quality would take place. From an elevator's point of view, the lower 
the grain damage, the higher the potential allowable storage time (AST). The reason for the 
reduce AST in damaged com is because the kernel nutrients are exposed, allowing the 
invasion of insects and mold (Bern 2000). 
Previous research has shown that the two major factors causing mechanical grain 
damage are high cylinder speed and elevated kernel moisture content. (Barkstrom 1955 and 
Waelti 1967). Most other machine parameters like cylinder-concave clearance and type of 
cylinder bars are considered secondary factors (Waelti 1967). More recently, Mowitz 
(2000) quoting data taken by G.R. Quick (2000) has shown that forward speed is also a 
significant factor in mechanical damage. Increasing the forward speed increases the federate 
decreasing mechanical damage. 
In a cylinder concave system Brandini (1969), distinguished between four separate 
energy inputs during shelling. The four classes of forces affecting cylinder power and kernel 
damage are: 
• Parasitic forces, the combined effects of the bearing friction and windage. These are 
unrelated to mechanical grain damage. 
• Compression forces caused by thresher geometry on the corns' physical and 
morphological properties. 
• Rubbing forces are friction components resulting from the interaction between the 
com particles (kernels, cob, husks), threshing bars and concave. 
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• Impact forces are the intermittent shocks of rasp bars with com ears and kernels. 
• Wedging of ears/kernels between machine components. 
Rubbing and compression forces are believed to responsible for most damage, 
especially when the compression forces are high. Compression forces are a result of the rasp 
bar compressing the com ear between the concave and threshing cylinder. Rubbing forces 
can be thought of as a shearing force coefficient, which is dependent on moisture content, 
cylinder velocity and pressure distribution along the concave. Shearing force occurs as the 
rasp bar strips the kernels from the cob. Brandini (1969) believed the majority of mechanical 
damage occured under quasi-static effects. Quasi-static effects occur in a transitional region 
resulting from the combination of static and impact forces. Brandini (1969) defined quasi-
static forces as being: forces which have time durations short enough to be considered impact 
but still long enough to be considered static. Impact forces are defined as the" intermittent 
shocks of rasp bars with com particles" (Brandini 1969). Impact forces like "P", shown in 
Figure 1, are considered the greatest factor causing damage and therefore influencing grain 
quality (Brandini 1969). 
~I' cy --.....:::: 
Raspbar 
p 
Cylinder j 
-
Figure 1. Impact forces of a rasp bar "P" acting on a com ear with roll-in orientation (Waelti 
1969). 
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Mechanical damage can be measured in various ways: through visual inspection, fast 
green dye with visual inspection, USDA standard 12/64" round hole sieve, and the 
Chowdhury testing method (Al-Mahasneh 2001). In this test series a combination of visual 
inspection and USDA method will be employed. The original test sample will be sub divided 
down to an approximate 250-gram sample using a Boemer Divider. That sample will then be 
placed on a round hole screen and sieved, with any particles falling through the 12/64 screen 
weighed and recorded as BCFM (USDA 2000). The remaining sample will then be visually 
inspected for any damaged kernels. A damaged kernel will be defined as any kernel with a 
rupture or impairment in the seed coat. Each kernel in the remaining sub sample will be 
individually inspected for damage. The damaged kernels will be weighed and recorded. The 
BCFM and Visual damage will be summed and divided by the initial total to attain the 
sample percent damage on a weight basis. 
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LITERATURE REVIEW 
Using a multiple regression approach Waelti (1967) found the morphological 
properties having the greatest influence on kernel damage propensity were detachment force, 
compressive kernel strength, kernel deformation and cob strength. Bilanski (1966) in his 
work on damage resistance of seed grains, used a small pendulum and low velocity impact to 
show that com kernels with the germ side down required about ten times more energy to 
initiate fracture than kernels on edge. For kernels with germ side down, the static force 
required to initiate fracture was approximately three times larger than the kernels on edge 
required. 
Hopkins and Pickard (1953) found a major factor affecting mechanical damage was 
the moisture content of the kernels and cobs. Previous results have shown that the static 
forces for removing kernels decreased with moisture contents when using a strain gauge 
force transducer (Hall 1961). Zoerb (1959), also found in a shear impacting test procedure 
that the energy required to rupture the kernel from the cob increased with grain moisture 
content. 
Barkstrom (1963) reported for higher kernel moisture contents both threshing power 
requirements and mechanical grain damage increased. For a cage-type sheller, com at 30 
percent moisture required two to three times the power to shell than com at 18 percent 
(Bankstrom 1963). Bilanski's conclusions matched Barkstroms' in high moisture grains, 
concluding kernel deformation was greater due to a higher amount of energy absorption by 
each kernel. Burmistrova ( 1963) reported that impacts in kernel row directions caused the 
least amount of damage. Low kernel damage was associated with relatively high kernel 
strength, low kernel deformation and low cob strength (Waelti 1967). 
Waelti (1967) defines shelling as the process of detaching com kernels from their 
supporting structure shown in Figure 2. In equation 1 Fn is the force required to break the 
rachilla and overcome the glume-kemel friction and is expressed as: 
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(1) Fn=KAcrR + Fo 
FD= detachment force, lbs. 
K=constant related to method of applying the force Fn. 
A= cross sectional area of rachilla, in2 • 
crR= failure stress in rachilla, psi. 
Fo= friction force between glumes and kernel, lbs. 
The constant K varies with the direction of application of the detachment force Fn. 
As shown in Figure 2, the three main directions of force application are (a) axial direction of 
the kernel, (b) axial direction of the cob and ( c) tangential direction of the cob cross section. 
(Waelti 1967). 
Hall (1961) also observed that bending forces required for kernel removal varied 
between the transverse and longitudinal axis of the ear. He also found that the smallest 
detachment force required was observed by pulling the kernel in the tangential direction to 
cob axis ( c) as shown in Figure 2. The largest detachment force was found to be in the axial 
direction of the kernel and was close to four times the needed force in the tangential direction 
of the cob. However in a threshing cylinder, the only way kernels could be detached are in 
directions b and c. A threshing cylinder does not have the ability to extract kernels in an 
axial direction of the cob (a). For the two smallest loading conditions (b) and (c) the rachilla 
would fail in bending while the glume spreads apart. 
Studies by Sehgal and Brown (1965) suggest the rachillas' strength is related to its' 
length and thickness. However other factors such as variety, growing conditions and kernel 
location on the cob can also affect rachilla strength. 
Data by Hall (1961) also indicated that the cobs' moisture content could have a 
significant affect on the strength of the rachilla. Lamp (1959) investigated forces required to 
separate kernels from the cob at 17 percent moisture by using a centrifuge. The cobs were 
placed in manner that forced the kernels to bend through an angle of 90 degrees. A force of 
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1.5 pounds removed close to 80 percent of the kernels with the rest being removed before 
reaching 2.5 lbs (Lamp 1959). 
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Figure 2. Schematic diagram of kernel attachment showing kernel, glume, rachillia, rachis 
Pith (top picture) and direction of force application for kernel detachment (bottom) 
Waleti, 1967. 
Ali Ramadan Mahmoud in 1972 investigated the effects of ear orientation in relation 
to kernel damage during the shelling process. Three replications were run at each moisture 
content and ear orientation. The variation in moisture content was kept within a half percent 
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for each replication. A replication consisted of three ears, individually fed into the stationary 
thresher cylinder. The replications were conducted with a cylinder speed of 500 RPM, front 
concave clearance of 1-114 inch and rear clearance of 5/8 inch. The shelled com for each 
sample was mixed thoroughly and sub samples for moisture and damage evaluation were 
gathered and processed. The graph in Figure 3 shows the damage results for each orientation 
at various moisture contents. 
• 60 
•Tip-in 
55 • Rando111 
4. Ro 11- in 
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Figure 3. Kernel damage in relation to ear orientation and percent damage (Mahmoud 1972). 
Figure 3 shows that roll-in orientation resulted in the least mechanical damage at all 
moisture contents while the tip in had the highest damage. High-speed film footage of the 
orientation replications revealed the following: for the roll-in orientation, the rasp-bar of the 
threshing cylinder impacted a row of kernels along the axis of the ear. Mahmoud (1972) 
observed the radial component of the force drove the impacted kernels and the diametrically 
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opposite row into the cob. The kernels hit by the teeth of the rasp bar became severely 
damaged, while shelling the rest of the kernels off of the cob. As the ear was impacted, it 
tended to rotate due to the tractive effort of the cylinder through the shelling crescent. The 
ears fed tip-in were struck by the rasp-bar at a segment transverse to the ear axis. Compared 
to the roll-in orientation, the impact force for the tip-in orientation acted on a considerably 
smaller area. Every time the rasp bar struck the ear, it bounced several times against the 
feeder plate resulting in mechanical damage. As the ear moved through the shelling crescent, 
its' orientation changed to roll-in but not before major kernel damage was sustained on the 
crowns of the kernels (Mahmoud 1972). 
Mahmoud (1972) explained that the higher levels of damage with tip-in orientation 
could be attributed to following reasons: 
1. Impact forces are considered constant, however the area in which they act is not. The 
tip-in orientation provided the least area, resulting in the highest force per unit area. 
2. For different orientations kernel strength could potentially be higher in one direction 
verses another. 
3. Higher shelling forces are required for longitudinal shelling (tip-in) than lateral 
shelling (roll-in). 
Previous lab and field-testing at John Deere Harvester Works has shown that roughly 
50% of the total grain damage occurs before the threshing rotor (Unpublished Research, 
Ehrecke 2001). High-speed video from the John Deere World Wide Product Development 
Center at Silvis, Illinois illustrated this exact point. Although only visual, a dramatic 
difference in grain quality could be seen through the feed accelerator for various orientations. 
For the roll-in orientation, the transition zone shown in Figure 4 between the feeder house 
chain and feed accelerator was very smooth. The ears were discharged from the feeder house 
(1) in a manner that allowed the feed accelerator (2) to immediately grab them and elevate 
them into the entrance of the rotor (3). For the roll-in orientation the feed accelerator rarely 
struck an ear more than once. They seemed to move freely through the feed accelerator 
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housing. In contrast the ears fed in the tip-in orientation tended to stagnate around the 
accelerators' entrance ( 4 ). While the ears were stagnant they were impacted several times 
resulting in premature threshing and higher damage. The physical properties ear com and the 
feed accelerators' radial geometry could be possible causes for the stagnation of ears. By 
being fed tip first, the ear was forced to conform around the geometry of feed accelerator 
floor (5) also shown in Figure 5. Figure 5 is high-speed video clip that shows a tip-in 
orientation ear being struck by the feed accelerator and forced around the floor geometry. 
The feed accelerator elements aggressively bite into the ear causing mechanical grain 
damage. For this orientation also the bending and subsequent breaking of the ear resulted in 
a higher ear-floor drag and retardation. Therefore, an increased number of impacts were 
required to overcome the ear to floor drag resulting in higher grain damage. 
Figure 4. Side view of feeder house discharge, feed accelerator and rotor intake (Ehrecke 
2002). 
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OBJECTIVES 
The objective of this study was to investigate the effects of different ear feeding 
conditions through a laboratory STS feed accelerator test stand. The three separate ear 
orientations will be roll-in, tip-in and random. The sample damage levels (as a percent) will 
be compared to represent grain quality. 
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EXPERIMENTAL APPARATUS AND PROCEDURES 
Test Stand Construction 
A stationary feed accelerator test stand based on STS combine design specifications 
from John Deere was constructed at the Agricultural Engineering Research Farm west of 
Ames, Iowa. A 10 hp motor powered the feed accelerator at 450 RPM, with product being 
fed by a belt conveyor as shown in Figure 7, 8, and 9. A collection bag was fabricated to 
catch the product after being conveyed through the feed accelerator. 
Sample Preparation 
Whole ear com variety Fontanelle 4193 was gathered from the Agricultural 
Engineering Research Farm located on Highway 30 west of Ames, Iowa. The ear com was 
placed in a storage container and allowed to establish equilibrium moisture. All tests were 
run at a moisture content of 12 percent using 40 randomly selected ears. Before each test, the 
ears were husked and visually inspected for previous damage. If the ear was prematurely 
damaged it was discarded. 
Test Methods 
Tests were completed over a series of three days using the same variety of com with 
less than a half percent variation in moisture content. After being husked and visually 
inspected the ear com was placed on a conveyor in the desired test orientation as shown in 
Figure 7, 8 and 9. The three orientations tested where roll-in, tip-in and random with a total 
of seven replications for each orientation. The feed accelerator was powered up and allowed 
to reach operating speed before each test started. The delivery conveyor was then turned on 
delivering product to the entrance of the feed accelerator. The shelled ear com and cobs 
were gathered in collection bag at the discharge end of the feed accelerator. After each 
replication the bulk sample was removed from the collection bag. All shelled cob material 
was separated and ears with remaining kernels were hand shelled to prevent further damage. 
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All other foreign material was removed at this time and the shelled com was placed in a 
sample bag for damage evaluation. 
Damage Evaluation 
The samples were taken to the Agricultural Engineering Department at Iowa State 
University. At the grain quality lab, each replications total sample was divided down into a 
single 250-gram sub sample using a Boemer divider. The sub sample was weighed and 
recorded before beginning the grain quality evaluation. Moisture content was measured 
using a GAC 2000 moisture meter. The sub-sample was evaluated using the standard USDA 
12/64 inch sieve, with any pieces falling through the sieve recorded as BCFM (Broken Com 
and Foreign Material) (USDA 2000). The remaining sub-sample was visually inspected for 
damaged kernels, which were weighed and recorded. A damaged kernel is defined as a 
kernel with impaired seed coat. The BCFM and visual damage are summed and then divided 
by the original sub sample weight. This provides a decimal number that is then multiplied by 
100 to express the damage as percent. The data of mechanical damage are seen in Table 1 
and2. 
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STATISTICAL ANALYSIS 
The SAS statistical analysis software (SAS Version 8.2) was used to analyze the 
percent damage data. For this test series, an ANOVA (Analysis of Variance) procedure was 
be used to analyze the data for all orientations. The data for the three different days will be 
pooled together for one comparison between orientations. A confidence level of 95% will be 
needed in order to declare a significant difference between percent damage means. 
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RESULTS AND DISCUSSION 
Table 1 is the actual experimental data take for all replications over the three days of 
testing. Included in each table are the orientation position, replication number, total sub 
sample weight and damage weights of both BCFM and Visual. The far right column in each 
table is the actual percent damage for that particular replication. Table 2 shows aggregated 
totals for all replications for a specific orientation. The totals located at the bottom of each 
table are used in calculating the average percent damage for that given orientation over all 
replications. From Table 2 it is quite clear that ear orientation has a dramatic effect level of 
grain damage that occurs at the STS feed accelerator. A visual representation of the 
differences is seen in Figure 6. 
Orientation Vs. BCFM and Visual Damage 
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Figure 6. Ear orientation effects on percent grain damage in corn with 12% moisture content 
in a laboratory feed accelerator test stand. 
Possible explanations for the higher damage in the tip-in orientation could be attributed to: 
• Kernel detachment force requirements are higher in the tip-in orientation versus the 
roll-in orientation. 
• Ear stagnation at entrance to the feed accelerator, in the tip-in orientation caused the 
ears to be impacted several more times. 
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• Com ear properties and floor shape cause drag and retard ear movement resulting in a 
greater number of impacts per ear. 
• Radial geometry of the feed accelerator flooring caused the majority of cobs to be 
broken in half. 
The statistics showed a significant difference between the percent damage mean for 
the three different orientations. Table 4 is the ANOV A table for the combined results of the 
three orientations. Table 4 and 5 illustrate that there is a significant difference between the 
percent damage means for each orientation at a 1 % level 
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CONCLUSIONS 
Specific ear orientation into a laboratory feed accelerator can be correlated with 
percent damage with a high level of statistical confidence. This study showed that the lowest 
percent damage of 1.3% was attained with the roll-in orientation followed by random. Tip-in 
orientation showed the highest percent damage at 3.05%. By controlling ear orientation at 
the feed accelerator entrance, mechanical grain damage through this series of testing was 
reduced by 57%. Hence if ear orientation is achieved before the feed accelerator, significant 
gains in total quality are likely for STS series combines. 
22 
REFERENCES 
Al-Mahasneh, M.A. 2001. Using radio frequency spectral measurements for determination 
Of com mechanical damage. Unpublished M.S. thesis. Library, Iowa State 
University, Ames, Iowa. 
Barkstrom, R. 1955. Attachment for combining com. Agricultural Engineering 
36:799-800. 
Bern, C.J. 2000. Managing grain after harvest. Coursework notes AE 569. 
Bilanski, W.K. 1966. Damage resistance of seed grains. American Society of Agricultural 
Engineers Transactions 9:360-363. 
Brandini, A. 1969. Com kernel forces during impact shelling. Unpublished M.S. thesis. 
Library, Iowa State University, Ames, Iowa. 
Burmistrova, M.F. 1963. Physicomechanical properties of agricultural crops. (Translated 
from Russian). National Science Foundation, Washington D.C. 
Ehrecke, K.L. 2001. Personal Communication. Team Leader, Functional Development & 
Customer Evaluation Teams John Deere World Wide Product Development, Silivis, 
IL. 
Ehrecke, K.L. 2001. Unpublished research. Team Leader, Functional Development & 
Customer Evaluation Teams John Deere World Wide Product Development, Silivis, 
IL. 
Hall, G .E. 1961. Properties of com. Departmental report. Ohio Agricultural Experiment 
Station. 
Hopkins, D.F. and Pickard, G.E. 1953. Com shelling with a combine cylinder. Agricultural 
Engineering 34: 461-464. 
Lamp, B.J. 1960. A study of threshing wheat by centrifugal force. Unpublished Ph.D. 
thesis. Library, Michigan State University, Lansing, Michigan. 
Mahmoud, A.R. 1972. Distribution of damage in maize combine cylinder and relationship 
between physico-rheological properties of shelled grain and damage. Unpublished 
Ph.D. thesis. Library, Iowa State University, Ames, Iowa. 
Mowitz, D. 2000. Slow poke combines kill grain quality. 98 (10): 41. 
23 
Saul, R.A. and. Steele, J.L. 1965. Damaged shelled com costs more to harvest and 
dry. American Society of Agricultural Engineers Paper 65-146. 
Sehgal, S.M. and Brown, W.L. 1965. Cob morphology and its relations to combine 
harvesting in maize. Iowa State Journal of Science 39: 251-268. 
Trotter, P. 2002. Personal Communication. Plant Manager, Frito Lay, Gothenburg, NE. 
USDA. 2002. Official grain standards of the United States Government, Washingtion, D.C. 
www.usda.gov/gipsa. Pg 20,21. 
Waelti, H. 1967. Physical properties and morphological characteristics of maize and their 
influence on threshing injury kernels. Unpublished Ph.D. thesis. Library, Iowa State 
University, Ames, Iowa. 
Zoerb, G.C. 1959. Mechanical and rheological properties of grains. Unpublished Ph.D. 
thesis. Library, Michigan State University, Lansing, Michigan. 
Weaver Popcorn. 2002. Weaver popcorn home page, Van Buren, IN. www.popweaver.com. 
24 
Figure 5. High-speed video showing a tip orientation ear being struck by the feed accelerator 
wmg. 
Figure 7. Roll-in orientation into the laboratory feed accelerator test stand. 
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Figure 8. Tip-in orientation into the laboratory feed accelerator test stand. 
Figure 9. Random orientation into the laboratory feed accelerator test stand. 
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Table 1. Grain quality data based on different ear orientations into the feed accelerator test 
Stand from all replications. 
Orientation Replication 
Position rams 
Date of Test: 5/4/2001 
Roll In 1 256.75 0.32 2.22 2.54 0.99 
Roll In 2 244.08 0.20 3.63 3.83 1.57 
Roll In 3 237.14 0.38 2.55 2.93 1.24 
Tip In 1 243.81 0.55 6.12 6.67 2.74 
Tip In 2 221.53 0.45 3.73 4.18 1.89 
Tip In 3 218.88 0.39 6.59 6.98 3.19 
Random 1 236.27 0.29 4.11 4.40 1.86 
Random 2 213.44 0.32 2.45 2.77 1.30 
Random 3 212.79 0.35 1.98 2.33 1.09 
Date of Test: 5/26/2001 
Roll In 1 245.10 0.61 2.47 3.08 1.26 
Roll In 2 174.54 0.24 2.55 2.79 1.60 
Tip In 1 203.38 0.70 5.15 5.85 2.88 
Tip In 2 158.99 0.60 5.54 6.14 3.86 
Random 214.48 0.52 4.59 5.11 2.38 
Random 2 231.68 0.70 4.82 5.52 2.38 
Date of Test: 5/27/2001 
Roll In 1 206.29 0.21 1.97 2.18 1.06 
Roll In 2 260.03 0.24 3.59 3.83 1.47 
Tip In 1 193.10 0.65 6.00 6.65 3.44 
Tip In 2 197.29 0.76 6.58 7.34 3.72 
Random 1 219.24 0.52 3.78 4.30 1.96 
Random 2 210.59 0.67 4.59 5.26 2.50 
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Table 2. Grain quality based on specific orientation from all replications. 
Replication Replication 
Date Number rams 
Orientation Position: Roll-In 
5/4/2001 1 256.75 0.32 2.22 2.54 0.99 
5/4/2001 2 244.08 0.20 3.63 3.83 1.57 
5/4/2001 3 237.14 0.38 2.55 2.93 1.24 
5/26/2001 1 245.10 0.61 2.47 3.08 1.26 
5/26/2001 2 174.54 0.24 2.55 2.79 1.60 
5/27/2001 1 206.29 0.21 1.97 2.18 1.06 
5/27/2001 2 260.03 0.24 3.59 3.83 1.47 
Totals= 1623.93 2.20 18.98 21.18 1.30 
Orientation Position: Random 
5/4/2001 1 236.27 0.29 4.11 4.40 1.86 
5/4/2001 2 213.44 0.32 2.45 2.77 1.30 
5/4/2001 3 212.79 0.35 1.98 2.33 1.09 
5/26/2001 1 214.48 0.52 4.59 5.11 2.38 
5/26/2001 2 231.68 0.70 4.82 5.52 2.38 
5/27/2001 1 219.24 0.52 3.78 4.30 1.96 
5/27/2001 2 210.59 0.67 4.59 5.26 2.50 
Totals= 1538.49 3.37 26.32 29.69 1.93 
Orientation Position: Tip-In 
5/4/2001 1 243.81 0.55 6.12 6.67 2.74 
5/4/2001 2 221.53 0.45 3.73 4.18 1.89 
5/4/2001 3 218.88 0.39 6.59 6.98 3.19 
5/26/2001 1 203.38 0.70 5.15 5.85 2.88 
5/26/2001 2 158.99 0.60 5.54 6.14 3.86 
5/27/2001 1 193.10 0.65 6.00 6.65 3.44 
5/27/2001 2 197.29 0.76 6.58 7.34 3.72 
Totals= 1436.98 4.10 39.71 43.81 3.05 
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Table 3. ANOVA table for comparison between means for different ear orientations. 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 2 11.58960952 5.79480476 21.22 <.0001 
Error 18 4.91525714 0.27306984 
Corrected Total 20 16.50486667 
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Table 4. Least significant difference table for specific ear orientation. 
***Means with the same letter are not significantly different. 
T Grouping Mean N Orientation 
A 3.1029 7 Tip-in 
B 1.9243 7 Random 
c 1.3129 7 Roll-in 
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PAPER II 
DEVELOPMENT AND TESTING OF MODIFICATIONS ON AN STS COMBINE TO 
IMPROVE GRAIN QUALITY IN CORN 
A paper to be submitted to the Journal of ASAE. 
Seth A. Williams, Graeme R. Quick, Carl J. Bern, Theodore B. Bailey, and Kevin L. Ehrecke 
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ABSTRACT 
Modifications to an STS Combine were designed to attain and maintain the desired 
roll-in ear orientation into the feed accelerator. The three modifications were: rolled auger 
trough, rock trap door, and cradled feeder house chain, which were field tested in 17% kernel 
moisture com. The desired roll-in orientation was attained within the com head by the rolled 
auger trough, however it was lost before entering the combine feeder house. The largest 
difference in mechanical grain damage was seen in the control versus the cradled feeder 
house chain. The control a standard STS combine configuration had average mechanical 
damage levels of 2.24% versus the cradled feeder house chain at 1.66%. The rock trap door 
revealed a wear pattern, which indicated improved crop flow between the feeder house 
discharge and the entrance of the feed accelerator. 
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INTRODUCTION 
Yellow dent com is the predominate crop produced in the United States 
encompassing 68.3 million acres yielding 8.1 billion bushels annually (www.usda.gov). 
"75% of the US domestic com is used for livestock feed, the rest goes into food, ethanol and 
industrial purposes and a fraction used for seed (www.nass.usda.gov). From the late 19th 
century to late 20th century dramatic changes have occurred in com harvesting. Johnson and 
Lamp ( 1966) listed key milestones in the development of com harvesting machinery through 
out that period as: 
• 1880 -First com picker patent. 
• 1885-Com husker-shredder appeared. 
• 1892-Com binder patented (self-binding). 
• 1909-Com picker built commercially. 
• 1928-Two row PTO-operated com picker and one-row mounted picker. 
• 1929-Two-row tractor mounted com picker. 
• 1946-Self-propelled com picker. 
• 1954-Com head attachment for combines available commercially. 
• 1958-Shelling attachment for com pickers. 
Beldin and Skromme report that the first experimental com shelling attachment for 
harvesting was designed between 1940 and 1946. University of Illinois was the first to 
experiment with shelling com by using a combine. The experiment consisted of tossing a 
few ears of com into a combine and watching the cobs come out completely stripped of 
kernels. Test studies with this laboratory sheller at the University of Illinois continued until 
1952. Shortly after proving a combine could be used, the first commercial com head the No. 
10 for a John Deere 45 was introduced in 1954 (Quick and Buchele 1978). Slowly farmers 
begin to switch from picking ear com to field shelling for the following beneficial reasons: 
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1. With the absence of cobs the same amount of com could be stored in a smaller 
storage bin. 
2. Shelled com was much easier to handle and transport than ear com. 
3. Progress in combine use depended on the development of efficient mechanical drying 
equipment that allowed the farmer to harvest the com earlier at higher moisture 
contents. 
Unfortunately, with the development of field shelling and efficient mechanical grain dryers, 
growers noticed an increase in mechanical grain damage. Popcorn and food com are 
harvested with combines, as is the dent com primarily used for cattle feed. Renewed interest 
in grain quality has been sparked by the growth in two market areas, popcorn and food grade 
com. Although popcorn and food com production only amount for a small percentage of the 
total com production in the United States their economical role is very significant. 
The popcorn industry nationwide boasts annual sales in excess of $240 million, with 
the largest sector of sales coming from microwaveable popcorn (www.popcom.org). 
Popcorn a specialty crop is grown in limited acres in about 25 states with an annual 
production of 498,000 tons (http://usgovinfo.about.com). For this sector kernel damage is 
extremely important. An undamaged kernel contains internal moisture which when heated 
causes the kernel to expand rapidly. In a damaged kernel, the internal moisture is allowed to 
escape through the damaged portion during the heating process and that prevents preventing 
it from popping. Effects of mechanical grain damage can be seen at the bottom of every bag 
causing consumers to be dissatisfied. To encourage the lowest possible damage processors 
pay growers premiums as incentives for grain quality. The premium paid by Weaver 
Popcorn last year were (Reed, personal communication 2002): 
• 0%-0.2% damage receives a premium of $.50 per hundred weight. 
• 0.3%-0.4% damage receives a premium of $.40 per hundred weight. 
• 0.5%-0.8% damage receives a premium of $.10 per hundred weight. 
• .8%-1.3% no premium paid. 
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• 1.3% and greater, a dockage is calculated by multiplying the percent damage by 1.5. 
The second growing market area is in food-grade com. Food com is processed into 
products such as com chips and hominy grits. First of all at the storage level the lower the 
damage, the longer the com can be stored. In damaged com, the nutrients are exposed, 
allowing invasion by insects and mold (Bern 2000). Another problem with damaged com 
occurs during processing. Pat Trotter, a plant manager at Frito Lay in Gothenburg, Nebraska 
stated that damaged kernels absorb more water during the soaking process, causing a higher 
level of oil in their finished product (Trotter personal communication 2002). 
Currently in the United States more than 650,000 acres of white food com and almost 
1,000,000 acres of yellow food com are in production (www.urbanext.uiuc.edu). White com 
production is expected to rise as trade with Mexico increases due to the NAFTA trade 
agreement. Since white com yields roughly 14% lower than yellow food com, growers are 
paid a higher premium that historically ranges between $.40 to $.65 per bushel 
(www.urbanext.uiuc.edu). However, the premium for yellow food com fluctuates and often 
depends on the particular hybrid grown and the current supply of com on the market with the 
desired processing traits. Most new hybrids of yellow com with desirable processing traits 
essentially yield the same as other dent varieties. Frito Lay last year paid the following 
premiums to producers at the percentage break down listed (Trotter personal communication 
2002): 
• 0%-3.5% damage receives a premium of $.30 per bushel. 
• 3.6%-4.5% damage receives a premium of $.20 per bushel. 
• 4.6%-5.5% damage receives a premium of $.10 per bushel. 
These premiums have increased the need for combine manufacturers to lower the mechanical 
grain damage produced by their machines. 
Mechanical grain damage occurs at every point in which the grain is handled. This 
study however, will only investigate the damage that occurs during field shelling. 
35 
Mechanical grain damage during shelling primarily occurs as a result of some type of impact 
to kernel. There are several ways to measure mechanical grain damage, i.e. visual 
inspection; fast green dye with visual inspection, USDA standard 12/64" round hole sieve, 
and the Chowdhury testing method. Most farm elevators use the USDA sieve method for 
ease of processing samples. Since there is no premium for high quality for dent/cattle com 
the USDA grain standards allow for some crackage in com without a price penalty. Table 1 
illustrates the various grades of com recognized by the USDA. 
Industry and university research typically uses a combination of both visual 
inspection and USDA standard tests. After a sample is collected it is screened using a 12/64 
round hole sieve, any particles falling through the sieve are weighed and recorded as BCFM. 
The remaining kernels are visually inspected for any ruptures in the seed coat. Both the 
visually damaged kernels and undamaged kernels are weighed and recorded. The sum of 
BCFM and visual damage is divided by the total sample weight to calculate the percent 
mechanical damage. 
Table 1. U.S.D.A grades for com. (USDA 2002). 
USDA Minimum BCFM Total Damaged 
Grade Test Weight % Kernels 
lb/bushel % 
1 56 2 3 
2 54 3 5 
3 52 4 7 
4 49 5 10 
5 46 7 15 
When combine shelling of com started in the 1960' s, Iowa State University along 
with the major Midwestern universities started doing extensive grain quality work. Previous 
research primarily dealt with the relationship between sheller designs, cylinder speed, ground 
speed, concave clearance and grain quality. This bulk of this research showed that as 
moisture content and cylinder speed increased, grain quality decreased. 
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In August of 1999, Deere and Company released the STS series of combines on a 
limited basis to the North American market. The STS combine is a single rotor combine that 
incorporates a cylinder type feed accelerator to transport the crop from the discharge side of 
the feeder house to the rotor intake as shown in Figure 1. 
Figure 1. Side view of the STS feeder house, feed accelerator and rotor intake (Ehrecke 
2002). 
Kevin Ehrecke Team Leader Functional Development gives these reasons for 
adopting the feed accelerator on the STS: stone rejection and even crop feeding. In tough 
crop conditions like rice, the feed accelerator prevents slugging of the threshing rotor by 
ensuring smooth feeding. Through ongoing research John Deere internal reports estimate 
that 50% of the mechanical grain damage in corn was occurring in this zone (Ehrecke 2000). 
Based on previous work it was proposed that one way to reduce damage would be to control 
ear orientation. This study will focus on several possible modifications to a 9750 STS 
combine to help improve grain quality by controlling ear orientation up to the feed 
accelerator. 
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LITERATURE REVIEW 
Since the development of the production com head and efficient mechanical grain 
dryer, grain quality has received more attention. Brandini (1969) characterized four different 
classes of forces acting on an ear of com and stated that impact forces caused the highest 
percentage damage. Using a multiple regression approach Waelti (1967) found that the 
morphological properties having the greatest influence on kernel damage was detachment 
force, compressive kernel strength, kernel deformation and cob strength. Bilanski (1966) in 
his work on damage resistance of seed grains, used a small pendulum and low velocity 
impact to show that com kernels with the germ side down required about ten times more 
energy to initiate fracture than kernels on edge. For kernels with germ side down, the static 
force required to initiate fracture was about three times larger than the kernels on edge. 
Hopkins and Pickard (1953) found a major factor affecting mechanical damage was 
the moisture content of the kernels and cobs. Previous results have shown that the static 
forces for removing kernels decreased along with moisture content when using a strain gauge 
force transducer (Hall 1961). Zoerb (1959), found in a shear impacting test procedure that 
the energy required to rupture the kernel from the cob increased with grain moisture content. 
A less apparent problem with high moisture field shelling is the loss that occurs in the 
field. Besides standard losses like kernels left on the cob, and damaged kernels lost out the 
back of the combine Miles (1956) noted that a significant level of imperfect shelling occurred 
during high moisture conditions. The kernel tips were broken off and remained with the cob. 
Johnson (1963) studied the problem of imperfect shelling in field conditions and found that 
the dry matter harvested decreased in com above 25% moisture content. Possible 
explanations for the decrease in dry matter were explained as: 
1. The tips lost due to imperfect shelling and left in the field on the cob. 
2. The kernels not being physiologically mature. 
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Barkstrom (1963) reported that for higher kernel moisture contents both threshing 
power requirements and mechanical grain damage increased. For a cage-type sheller, com at 
30 percent moisture required two to three times the power to shell versus com at 18 percent 
(Bankstrom 1963). Bilanski's (1966) conclusions matched Barkstroms'(1963) in high 
moisture grain concluding kernel deformation was greater due to a higher amount of energy 
absorption by each kernel. Burmistrova (1963) reported that impacts in kernel row direction 
caused the least amount of damage. Low kernel damage was associated with relatively high 
kernel strength, low kernel deformation and low cob strength (Waelti 1967). 
Waelti ( 1967) defined shelling as the act of detaching com kernels from their 
supporting structure, the cob. In the formula below Fn is the force required to break the 
rachilla and overcome glume-kemel friction and is expressed as: 
(1) Fn=KAcrR + Fo 
FD= detachment force, lbs. 
K=constant related to method of applying the force Fn. 
A= cross sectional area of rachilla, in2 • 
crR= failure stress in rachilla, psi. 
F o= friction force between glumes and kernel, lbs. 
The constant K varies with the direction of application of the detachment force F0 • 
As shown in Figure 2 the three main directions of force application are (a) axial direction of 
the kernel, (b) axial direction of the cob and ( c) tangential direction of the cob cross section. 
(Waelti 1967). 
Hall ( 1961) also observed that bending forces required for kernel removal was 
different between the transverse and the longitudinal axis of the ear. He also found that the 
smallest detachment force required was observed by pulling the kernel in the tangential 
direction c as shown in Figure 2. The largest detachment force was found to be in the axial 
direction of the kernel and was close to four times the force needed in the tangential direction 
of the cob. However in a threshing cylinder, the primary way kernels are detached are in 
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directions band c. For the two smallest loading conditions (b) and (c) the rachilla would fail 
in bending while the glume spreads apart. 
GLU.ME 
KERNEL 
RACH ILLA 
a 
Figure 2. Schematic diagram of kernel attachment showing kernel, glume, rachillia, rachis 
Pith (top picture) and direction of force application for kernel detachment (bottom) 
(Waelti 1967). 
Lamp (1959) investigated forces required to separate kernels from the cob at 17 
percent moisture by using a centrifuge. The cobs were placed in manner that forced the 
kernels to bend through an angle of90 degrees. A centrifugal force of 1.5 pounds removed 
almost 80 percent of the kernels with the rest being removed before reaching 2.5 lbs (Lamp 
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1959). Studies by Sehgal and Brown (1965) suggest the rachilla's strength is related to its' 
length and thickness. However other factors such as variety, growing conditions and kernel 
location on the cob can also affect rachilla strength. Data by Hall (1961) also indicated that 
the cob's moisture content to have a significant affect on the strength of the rachilla. 
Mahmoud (1972) investigated the effect of ear orientation in relation to kernel 
damage during the shelling process. Three replications were run for each moisture content 
and ear orientation, with the variation of moisture content of half a percent for each 
replication. A replication consisted of three ears that were individually fed into the stationary 
cylinder thresher. The tests were conducted with a cylinder speed of 500 RPM, front 
concave clearance of 1-1/4 inch and rear clearance of 5/8 inch. The shelled com for each 
sample was mixed thoroughly and sub samples for moisture and damage evaluation were 
gathered and processed. 
The graph in Figure 3 shows the damage results for each orientation at the various 
moisture contents. As shown in Figure 3, the roll-in orientation suffered the least damage at 
all moisture contents tested while the tip-in orientation suffered the highest.. The tip in 
orientation suffered the highest percentage of damage for all moisture contents. High-speed 
film footage of the orientation replications revealed the following; for the roll-in orientation, 
the rasp-bar of the threshing cylinder impacted a row of kernels along the axis of the ear. 
Mahmoud (1972) observed the radial component of the force drove the impacted kernels and 
the diametrically opposite row into the cob. The kernels hit by the teeth of the rasp bar 
became severely damaged, while shelling the rest of the kernels off of the cob. As the ear 
was impacted, it tended to rotate due to the tractive effort of the cylinder-concave interaction. 
The ears fed tip-in were struck by the rasp-bar at a segment transverse to the ear axis. 
Compared to the roll-in orientation, the impact force for the tip-in orientation acted on 
a considerably smaller area. Every time the rasp bar struck, the ear bounced several times 
against the feeder plate, resulting in mechanical damage. As the ear moved through the 
shelling crescent, its' orientation changed to roll-in but not before major kernel damage was 
sustained on the crowns of the kernels (Mahmoud 1972). 
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Figure 3. Kernel damage in relation to ear orientation and percent damage (Mahmoud 1972). 
Mahmoud ( 1972) believed possible explanations for a higher level of damage due to 
tip-in orientation could be attributed to following reasons: 
1. Impact forces are assumed constant, whereas the area on which they act is not. The 
tip in orientation provided the least area resulting in the highest force per unit area. 
2. For different orientations kernel strength could potentially be higher in one direction 
than the other. 
3. Higher shelling forces are required for longitudinal shelling (tip-in) than lateral 
shelling (roll-in). 
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Lien and Haugh (1975) also investigated the effects of cylinder speed and ear 
orientation on popcorn quality. In this study popcorn quality was measured by the expansion 
volume of the kernels after being heated for given time period. A direct correlation was 
found between expansion volume reduction and cylinder speed (Lien and Haugh 1975). The 
second part dealt with ear orientation into the threshing cylinder and it effects on expansion 
volume. Lein and Haugh (1975) concluded that there was a pronounced difference in 
expansion volume between the roll-in and tip-in orientations. The greatest difference 
between expansion volume for the different orientations was observed at the lower cylinder 
speeds. As the cylinder speed increased the differences in expansion volume decreased 
between the two orientations. It was concluded at the higher cylinder speeds the tip-in 
oriented ears were converted to a roll-in orientation faster, preventing a large portion of 
damage. Lien and Haugh (1975) results agreed with previous work done by Mahmoud 
(1972) and was reconfirmed by Williams (2001) on yellow dent com. Even though two 
different types of com were used, the trend lines remain the same. 
Previous lab and field-testing at John Deere Harvester Works has shown that roughly 
50% of the total grain damage occurs before the threshing rotor (Unpublished research, 
Ehrecke 2001). High-speed video from the John Deere World Wide Product Development 
Center at Silvis, Illinois illustrated this exact point. Although only visual, a difference in 
grain quality was apparent through the feed accelerator for various orientations. For the 
roll-in orientation, the transition zone shown in Figure 4 between the feeder house chain 
discharge (1) and feed accelerator (2) was very smooth. The ears were discharged from the 
feeder house in a manner that allowed the feed accelerator to immediately grab them and 
elevate them into the entrance of the rotor (3). For the roll-in orientation, the feed accelerator 
rarely struck an ear more than once. By contrast ears fed tip-in tended to stagnate around in 
the accelerators' entrance (4). When the ears were stopped at that point, they were impacted 
several times, resulting in premature threshing and presumably higher damage. The physical 
properties of ear com and the feed accelerators' radial geometry over the casing could be 
possible causes for the retardation of ears. 
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Figure 4. Side view of the feeder house discharge, feed accelerator and rotor intake (Ehrecke 
2002). 
By being fed tip first, the ear was forced awkwardly under the feed accelerator floor (5) also 
shown in Figure 5. Figure 5 is high-speed video frame that shows a tip-in orientation ear 
being struck by the feed accelerator and forced through the floor geometry. 
Figure 5. _High-speed video showing a tip orientation ear being struck by the feed accelerator 
wing. 
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The feed accelerator elements aggressively bite into the ear presumably causing mechanical 
grain damage. The bending and subsequent breaking of the ear resulted in a higher ear-floor 
drag. Therefore, an increased number of impacts were required to overcome the ear to floor 
friction, resulting in higher grain damage. 
The Advanced Functional Development Team at John Deere Harvester Works in 
Silvis, Illinois established that large portions of the com ears were fed into the feed 
accelerator in a tip-in orientation (Pope, personal communication 2001 ). Based on visual 
inspection using high-speed video provided by the Advanced Functional Team, an estimated 
7 out of 10 ears were fed to the accelerator in a tip-in orientation (Ehrecke, unpublished 
video 2001). 
The combine handles com in the following locations before reaching the rotor: the 
snapping rolls, gathering chains, cross auger on the com head, feeder house chain conveyor 
and feed accelerator. Any of these are possible locations for obtaining a desired orientation 
and evaluated for ease of implementation and functional ability. Of the possible locations 
between the intake of the crop into the head and the delivery of the crop to the feed 
accelerator, the area with greatest potential for ear orientation was believed to be within the 
com head itself. If orientation could be obtained at the com head, the next job would be to 
sustain that orientation through the feeder house and into the feed accelerator. 
A thorough patent search was conducted for article orientation devices that could be 
retrofitted and used in a combine. Unfortunately, the search yielded very few results 
applicable to production agriculture. Most patent search results for article orientation devices 
dealt with orienting a specific object lengthwise in the packaging and processing industries. 
Frisbie et al. as shown in Figure 6 received their patent for an article orientation device that 
obtains the proper end-to-end orientation from articles that are delivered random fashion. 
The long conveyor delivers the ears to the rotating circle. After reaching the circle the ears 
forced to the outer edge by centrifugal force. A series of brushes align the ears along the 
outside of the circle. After reaching end-to-end orientation they are dropped onto the narrow 
conveyor below. The ears are then delivered with end-to-end orientation to facilitate kemel-
stripping in sweet com processing. 
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Figure 6. End to end article orientation device Frisbie et al., 1980. 
Figure 7. Apparatus for and method of orienting articles having at least one tapered end 
Cover et al. 197 5. 
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Cover et al. developed and received a patent for an apparatus and method of 
orienting articles such as ear com that have a tapered end. Shown in Figure 7 the com ears 
would be delivered to number 15 and fall through the chute located below. After the chute 
the com is dropped onto a conveyor and is transported it in the direction of the bold arrows. 
The ear travels along conveyors and eventually attains the correct orientation. After correct 
orientation is achieved, the com is delivered individually to the paddle belt, number 180. 
This process guarantees individual feeding of tip-in oriented com ears to an undisclosed 
process. Although informative, orientation articles like this are intended for tip-in orientation 
of com ears in controlled environments and would not be relevant to the present objectives. 
In previous patent search for article orientation, devices were selected that attained 
some type of com ear orientation however; none were found that could be implemented into 
production agriculture. The patent in Figure 8 was issued to Gust Soteropulous of Ottumwa, 
Iowa and assigned to Deere and Company Moline, 11. The patent description described this 
machine to have the ability to separate and concurrently process the grain and stover. 
12 68 
Figure 8. Com harvesting machine G.Soteropulous, 1969. 
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The ears snapped off by the snapping rolls 24 traveled up the overshot feeder house 
conveyor shown as number 26. The conveyor goes from a sloping angle to the horizontal 
directly below the operators seat. The com ears are then deposited into the top of the 
threshing cylinder shown as number 40. It was suggested1 that instead of using a feed 
accelerator to transport the crop from the feeder house discharge to the rotor, a overshot 
feeder house similar to Figure 8 could be implemented. Ideally the feeder house would 
transport the crop similar to the Figure 8 delivering the crop on the top of the rotor intake. A 
beater could be added to ensure delivery of the fibrous crop. Since gravity free fall into the 
rotor intake would not be sufficient in certain crops like rice and wheat. By feeding the crop 
to the top there is a potential to reduce grain damage. However beneficial in com, some 
detrimental effect might be seen in other tough crops like rice and green stemmed soybeans 
due to rotor slugging, and there would be complications at the rotor entrance. 
1 Quick, G.R. Personal communication. 2002. 
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OBJECTIVES 
The objective of this part of the project was to evaluate several prototype parts that 
were designed to control orientation of com ears into the feeder house of an STS combine. 
The orientation desired is for the ears to be in a roll-in position when entering the feeder 
house and to maintain that specific orientation to the feed accelerator. Success and failure 
will be based on the success of desired orientation and the resulting grain quality from in 
field-testing. 
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EXPERIMENTAL APP ARTUS AND PROCEDURE 
Concepts and Prototype Part Construction 
While earlier university work showed that specific ear orientation into a cylinder type 
thresher had a dramatic effect on grain quality (Mahmoud 1972 and Lien and Haugh 1975), 
Williams (2002) showed that specific ear orientation into the STS feed accelerator had 
dramatic effects on grain quality. In all cases roll-in orientation into the feed accelerator 
caused the least amount of damage. Therefore any concepts developed should orient the ear 
parallel to the axis before reaching the feed accelerator. 
In developing prototype parts for attaining and maintaining specific ear orientation 
the following constraints were imposed by John Deere. First and foremost any part 
developed should not hinder the combines' present field capacity. All prototype parts should 
have the ability to be retrofit-able. Ease of installing and removal is important because most 
specialty farmers today will combine com in the morning and soybeans in the afternoon. 
Prototype parts that are not easily removable should not hinder the combines' functional 
ability in soybeans. For all parts developed the cost and ease of quick adoption in the factory 
should also be considered. 
After considering many options, it was decided that the com head would be the best 
place to start. If ear orientation were to be achieved within the com head, some 
modifications to the physical area located behind the auger were needed. All current 
production heads have a "dead space" behind the center of the cross auger. This dead space 
must be filled before any product will be conveyed into the feeder house. A 10 gauge rolled 
auger trough piece was installed to eliminate the "dead zone" behind the cross auger. This 
concept improved ear feeding, as shown in Figure 9. During initial test runs it was observed 
the com ears had a tendency to ride on the upper portion of the rolled auger trough. To 
eliminate this three strips of 1 inch by % inch UHMW plastic were installed longitudinally 
along the rolled auger trough as shown in Figure 9. The strips were placed with a distance of 
2 Yz inches away from each other and helped obtain the desired ear orientation as shown in 
Figure 10 and 11. 
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After discussions with test engineers at John Deere Harvester Works in Silvis, 11, it 
was concluded that in order to maintain roll-in orientation, the feeder house chain would 
have to be modified. The current production chain consists of a series of slats spaced 
roughly 12 inches apart that aggressively grab the crop. It was felt that if ear orientation 
were achieved in the com head it could be lost in the open areas between the slats. A new 
style feeder house chain should be developed to eliminate the open space between slats and 
ensure product orientation2• The modified design is shown in Figure 12 and 13, it eliminates 
the open space between slats and all sharp edges. The "cradled" chain also provides a larger 
surface contact between the chain and crop. In theory, if an ear was not originally oriented 
correctly, it could still possibly drop into a cradle before being delivered to the feed 
accelerator. 
Test film provided by John Deere Harvester Works at the transition zone between the 
feeder house discharge and the entrance to feed accelerator. This video showed interaction 
between the crop flow, rock trap and the feed accelerator. The film showed that the ears 
stagnated around the rock trap area and were impacted several times as shown in Figure 14. 
The two different treatments consisted of a control and an experimental plate modification of 
the rock trap. In the control series the transition from the feeder house to the feed accelerator 
was very inconsistent. In the modified version, the film showed the rock trap covered by a 
piece of steel, which angled toward the feed accelerator flooring. The steel plate helped the 
crop flow transition but, due to the plate's downward angle the tip-in ears tended to be 
broken in half. Despite this, the transition zone crop flow was considerably smoother. From 
this film it was decided that a rock trap door ought to be fabricated with an upward angle to 
match the feed accelerator floor, as seen in Figure 15 and 16. However, since the feed 
accelerator doubles as a rock rejection mechanism the rock trap could not be permanently 
covered. A hinged steel plate was designed and fabricated so that when harvesting com the 
rock trap door could be covered as seen in Figure 16. Figure 15 shows the rock trap door in 
2 Birrell, S. personal communication. 2001. 
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down position that still allowed over 80% of the original rock trap volume to be used when 
harvesting soybeans. 
Field Test Program 
A John Deere 9750 STS with a 893 com head was used in two fields in the vicinity of 
Ames, Iowa. Backswept beater wings shown in Figure 16 were installed on the feed 
accelerator and ground down to remove any sharp edges. Hydraulic deck plates were 
optimized for each field and remained constant in the individual field studies. The machine 
was optimized for both test fields and configurations remained the same throughout the field. 
Machine settings are shown below in Table 2. 
I 
Table 2. Machine settings for Fall 2001 field-test series. 
Combine Settings 
Field Ground Concave Rotor Feed Fan Back shaft Chaffer Sieve 
Number Speed Setting Setting Accelerator Setting Speed Setting Setting 
m~h mm r~m r~m r~m r~m mm mm 
5 32 310 440 1340 660 14 10 
2 5.4 34 310 440 1340 660 14 11 
Test Procedures 
The ASAE Standard for Combine Capacity and Performance Test Procedure was 
followed for the test replications (ASAE 1998). Before any field testing, the 9750 STS was 
operated for a period of 25 hours in a separate field owned by Harold Mesenbrink. The 25 
hours is considered a break in time for polishing the internal components of the combine. 
This ensures minimal variability due to the effects of the machine not being run during the 
rest of the year. The operator made no machine adjustments during test runs. The machine 
was allowed to reach equilibrium crop flow approximately 25 seconds before any sample 
was taken. Grain quality samples were collected from the bubble up auger inside the grain 
tank. To insure sample integrity of samples, the lower portion of the bubble up auger was 
sealed to prevent grain leakage at that point. Grain quality samples were collected by 
passing the sample container through the whole stream of grain flowing out of the bubble up 
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auger. This process was repeated until the sample container was full. All samples were 
labeled for easy of identification during the grain quality evaluation process. 
Mr. Harold Mesenbrink farmed variety Cropland 599 in field 1 which yielded 200 
bu/acre. Field 2 was variety Garst 8550 averaging 165 bu/acre and was located at the Iowa 
State University Swine Research Center. The two fields were sectioned off for a complete 
randomized experimental design. All treatments within a field where completed in a short 
time duration to minimize weather variability. All replications for a given treatment were 
completed before another treatment was run. In field 1 the four treatments tested were 
control, rock trap door, rolled auger trough and cradle feeder house chain. Each treatment 
consisted of 5 replications with 6 grain quality samples taken per replication. In Field 1 due 
to mechanical difficulties with the cradle feeder house, only a handful of samples could be 
gathered. The missing data points are illustrated by period symbols in Table 3. In test Field 
2 a total of 5 treatments were evaluated. The original 4 treatments with number 5 consisting 
of all the prototype parts installed. However, in Field 2 due to crop variability certain 
replications are missing grain quality samples. The missing samples are illustrated by 
period symbols in Table 4. 
A video camera was mounted at two separate locations for filming during each 
treatment run. For the rolled auger trough, the camera was mounted directly above the feeder 
house throat. The second camera location was directly below the feeder house and required a 
special camera mount to be fabricated. A portion of the feeder house floor was removed and 
replaced with clear Plexiglas allowing video to be taken during test runs. The video showed 
the specific ear orientation as they traveled up the feeder house. This video would be used 
along with the grain quality evaluation to judge success or failure of the design concepts. 
Damage Evaluation 
The samples were evaluated in the grain quality laboratory. Each sample was divided 
down into a single 100-gram sub-sample using a Boemer divider. The sub-sample was 
weighed and moisture content recorded before beginning the grain quality evaluation. 
Kernel moisture content was attained by using the GAC 2000 moisture meter in the grain 
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quality laboratory. The sub-sample was evaluated using the standard USDA 12/64 inch sieve, 
with any pieces falling through the sieve to be recorded as BCFM (Broken Com and Foreign 
Material). The remaining sub sample was visually inspected for damaged kernels, which 
were weighed and recorded. A damaged kernel is defined as any kernel with the seed coat 
impaired. The BCFM and visual damage were added together and divided by the original 
sub sample weight. Multiplying by 100 gives the final output number of visual damage as a 
percent, as seen in Tables 3, 4 and 5. 
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STATISTICAL ANALYSIS 
SAS statistical analysis software (SAS Version 8.2) was used to analyze percent 
damage data. For these two test series, a Proc GLM procedure will be used to account for the 
missing data points. In Field study 1 the 6 samples obtained by each replication will be 
aggregated for comparison in SAS. Due to mechanical difficulties the cradled feeder house 
chain resulted in a significant amount of missing data points and had to be rejected from the 
statistics for this field. The same procedure of aggregating the sample points with each 
replication was used in Field 2. The data from the different fields was not compared against 
each another due to variety and location differences. A confidence level of 95% was used to 
declare a significant difference between percent damage means. 
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RESULTS AND DISCUSSION 
During field testing an analysis of each prototype part was based on its functional 
ability and effects on mechanical damage. Tables 3, 4, and 5 show the aggregated data from 
the replications in Field 1 and 2 and are summarized as follows: 
• Average percent mechanical damage for control was 2.24% and 2.27%. 
• Average percent mechanical damage for rolled auger trough was 2.17% and 2.23 %. 
• Average percent mechanical damage for rock trap door up was 2.44% and 1.99%. 
• Average percent mechanical damage for cradled feeder house chain was 1.66% and 
1.67% (limited amount of sample points in field 1 ). 
The lowest mechanical damage observed in all replications as shown in Table 5 was from the 
cradled feeder house treatment versus the control. But in Field 1 the cradled feeder house 
chain is not compared due to mechanical difficulties and was omitted from the SAS analysis 
for this field. In Field 2 data was omitted from various replications due to extreme crop 
variability. 
The sample data from Tables 3 and 4 were analyzed using SAS and showed no 
statistical difference in any treatment means, as shown in the ANOVA Tables 6, 7, 8 and 9. 
Tables 5 and 7 show a probability value of .56 and .82, which cannot be considered to be any 
statistical difference among treatment means. 
A video camera was installed looking down from the feeder house at the cross auger 
and then underneath the feeder house. The video footage revealed the following: 
• Large amounts of crop accumulated at the transition zone, the gap between the feeder 
house throat and the cross auger during test replications shown in Figure 17. 
• The standard feeder house chain conveyed 8 out of 10 ears in tip in fashion to the 
feed accelerator when viewed through the window on the feeder house floor. 
• The thin edge on the production feeder house slats bit into ears aggressively, a 
possible cause of mechanical damage. 
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• Shelled kernels were observed bouncing around in the feeder house, frequently 
coming in contact with feeder house slats. 
• Rolled auger trough improved crop flow across the com head. 
• UHMW slats installed lengthwise on the rolled auger trough laterally oriented a 
significant proportion of the ears as shown in Figure 18. 
• When crop accumulates at the feeder house throat, the orientation achieved in the 
rolled auger trough was lost, as shown in Figure 1 7. 
• The cross auger flights had a tendency to "pinch" the com ears as they are transported 
laterally when the UHMW strips were installed as shown in Figure 19. This may 
occur frequently enough to damage grain. 
• The rock trap door was functional for stone rejection when in the down position. 
• Point wear patterns indicate that the rock trap door in up position helped crop flow 
during the transition between the feeder house and feed accelerator. 
Although not statistically significant, average differences in grain damage were 
noticed between treatment replications as shown in Table 5. The largest difference seen in 
percent damage is between the cradled feeder house chain and the control. The cradled 
feeder house chain averaged 1. 71 % mechanical damage where the control averaged 2.2%. 
Possible reasons for having a lower percent damage when the cradle feeder house chain was 
installed could be: 
1. Shelled kernels were constrained within the crop mat. 
2. Increased conveying surface decreased localized stresses on com ears. 
3. Absence of sharp edges on the feeder house slats. 
4. Possible increase in crop mat velocity under the cradled feeder house chain 
helped to decrease the differences in hand off velocities between the feeder 
house chain and feed accelerator. 
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RECOMMENDATIONS 
The following are recommended for further research based on the results of this 
project: 
1. Quantify mechanical damage that occurs during crop conveyance by the thin edge on 
the production feeder house chain. 
2. Ear orientation was achieved at the corn head by using the rolled auger trough, and 
continued work should focus on the development of a center rolled piece. This piece 
would improve crop flow by eliminating the "dead zone" at the transition between the 
head and throat of the feeder house. 
3. The standard crop paddles mounted on the cross auger need to be replaced with a 
style that is contoured with the end of the auger flights. By contouring the paddles 
the ears should maintain the orientation achieved in the rolled auger piece. These 
paddles should increase ear transfer for a smooth transition under the feeder house. 
4. Modification of the pitch angle and number of pitches on the cross auger on the corn 
head. Use of a double pitch flight configuration could possibly improve uniformity of 
crop flow. Modification of the pitch angle at the feeder house throat could help to 
maintain the desired roll-in ear orientation. 
5. Investigate the tendency of the cross auger to pinch the corn ears between the UHMW 
strips and it's effects on mechanical damage as shown in Figure 19. 
6. Further test of the cradled feeder house chain in high moisture corn for function and 
durability. 
7. Feeder house chain speeds should be investigated to determine the optimal chain 
speed. Optimization occurs when there is minimum speed change between the feeder 
house chain and feed accelerator. 
8. Functional testing of the cradled feeder house chain needs to be conducted in 
soybeans. 
9. The rock trap door modification should be investigated in soybeans to ensure proper 
stone rejection when the door is in the down position. 
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10. A draper type head is considered to have potential in com. A trough draper head 
could eliminate the need for a cross auger, since auger flights are another source of 
kernel damage. The side drapers would deliver into a trough setup that would allow 
for ideal ear orientation. The side drapers would deliver the crop to a center draper 
similar to the current draper heads in production. The center conveyor should be 
cleated to prevent the ears from rolling back during delivery. 
11. An overshot feeding system that would deliver the crop to the top of the rotor intake. 
This could potentially eliminate the feed accelerator and improve grain quality in the 
STS. 
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CONCLUSIONS 
Successful ear orientation was attained by using the rolled auger trough, however it 
was lost in the transition zone between the feeder house chain and cross auger. While 
desirable roll-in orientation was lost, the cradled feeder house chain and rock trap door 
treatments alone have only a minimal improvement on damage. There was no statistical 
difference between any of the treatment percent damage means. For the two test fields the 
average percent damage numbers were similar for each treatment. The largest difference 
occurred between the control and the cradled feeder house chain. The cradled feeder house 
chain averaged 1. 71 % mechanical damage where the control averaged 2.2%. Possible 
reasons for the difference in mechanical damage for the cradled feeder house chain could be 
explained by the following: 
1. Shelled kernels were contained within the crop mat. 
2. Increased contact area decreased the force per unit area exerted on the com ear. 
3. Absence of sharp edges on the feeder house slats. 
4. Possible increase in crop mat velocity decreasing the differences in hand off 
velocities between the feeder house chain and feed accelerator. 
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Figure 9. (Above) Rolled auger trough showing the Yi inch clearance between the auger 
flighting and UHMW strips. 
Figure 10. (Below) Rolled auger trough showing the longitudinal UHMW strips. 
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Figure 11. (Above) Rolled auger trough showing the UHMW strips create channels for 
obtaining roll-in orientation of com ears. 
Figure 12. (Below) Cradled feeder house chain, coming around the feeder house drum. 
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Figure 13. Cradled feeder house chain installed in the 9750 STS. 
Figure 14. High-speed video clip of the feed accelerator (side view) showing crop stagnation 
at the entrance. 
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Figure 15. Rock trap door, in the down position for soybeans. 
Figure 16. Rock trap door in the up position for com. 
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Figure 17. Crop accumulation between com head cross auger and feeder house entrance. 
Figure 18. Rolled auger trough with UHMW strips helped achieve roll-in orientation. 
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Figure 19. Com ear pinched between the rolled auger trough and cross auger. 
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Table 3. Aggregated test data from Field 1. 
Sample Replication Sample BCFM Visual Total Percent 
Points Number Weight (gr) (grams) (grams) Weight (g) Damage 
TEST DATE: 10/26/2001 ROLLED AUGER TROUGH 3 UHMW STRIPS 
A-F 1 676.4 1 16.2 17.2 2.54 
G-L 2 712.2 0.6 15.8 16.4 2.30 
M-R 3 683.2 0.4 16.4 16.8 2.46 
S-Y 4 771.4 0.6 14.8 15.4 2.00 
AA-EE 5 641.8 0.4 9.4 9.8 1.53 
TOTALS 3485 3 72.6 75.6 2.17 
TEST DATE: 10/26/2001 CONTROL 
A-F 1 766.2 0.6 12 12.6 1.64 
G-L 2 696.6 0.8 14 14.8 2.12 
M-R 3 724.4 0.8 15.4 16.2 2.24 
S-Y 4 792.6 1.6 19.4 21 2.65 
AA-EE 5 606.6 0.6 15.2 15.8 2.60 
TOTALS 3586.4 4.4 76 80.4 2.24 
TEST DATE: 10/26/2001 ROCK TRAP DOOR UP 
A-F 1 705.8 1.2 12.4 13.6 1.93 
G-L 2 732.6 0.4 16.6 17 2.32 
M-R 3 690.4 0.6 16.4 17 2.46 
S-Y 4 728 0.2 16.6 16.8 2.31 
AA-EE 5 620.6 0.8 19.8 20.6 3.32 
TOTALS 3477.4 3.2 81.8 85 2.44 
TEST DATE: 10/27/2001 CRADLE FEEDER HOUSE CHAIN 
A-F 1 523.80 0.40 8.00 8.40 1.60 
G-L 2 77.60 0.00 1.60 1.60 2.06 
M-R 3 
S-Y 4 
AA-EE 5 
TOTALS 601.4 0.4 9.6 10 1.66 
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Table 4. Aggregated test data from Field 2. 
Sample Replication Sample BCFM Visual Total Percent 
Points Number Weight (gr) (grams) (grams) Weight (g) Damage 
TEST DATE: 11/2/2001 ROLLED AUGER WITH 3 UHMW STRIPS 
A-D 1 
E-H 2 216.60 0.20 2.60 2.80 1.29 
1-L 3 292.20 0.20 6.60 6.80 2.33 
M-P 4 269.60 0.40 7.60 8.00 2.97 
Q-T 5 198.40 0.00 4.20 4.20 2.12 
U-X 6 
TOTALS 976.80 0.80 21.00 21.80 2.23 
TEST DATE:ll/2/2001 CONTROL 
A-D 1 266.80 0.20 5.60 5.80 2.17 
E-H 2 250.60 0.40 3.80 4.20 1.68 
1-L 3 147.60 0.00 2.20 2.20 1.49 
M-P 4 278.20 0.00 4.40 4.40 1.58 
Q-T 5 143.20 0.00 3.40 3.40 2.37 
U-X 6 317.40 0.60 11.20 11.80 3.72 
TOTALS 1403.80 1.20 30.60 31.80 2.27 
TEST DATE: 11/2/2001 ROCK TRAP DOOR UP 
A-D 1 276.80 0.00 3.80 3.80 1.37 
E-H 2 219.40 0.00 4.20 4.20 1.91 
1-L 3 276.00 0.00 5.60 5.60 2.03 
M-P 4 153.40 0.00 2.20 2.20 1.43 
Q-T 5 218.40 0.40 6.60 7.00 3.21 
U-X 6 
TOTALS 1144.00 0.40 22.40 22.80 1.99 
TEST DATE:ll/4/2001 CRADLE FEEDER HOUSE CHAIN 
A-D 1 
E-H 2 225.80 0.00 4.00 4.00 1.77 
1-L 3 286.20 0.20 4.80 5.00 1.75 
M-P 4 267.40 0.00 4.00 4.00 1.50 
Q-T 5 345.00 0.20 4.60 4.80 1.39 
U-X 6 205.60 0.20 4.20 4.40 2.14 
TOTALS 1330.00 0.60 21.60 22.20 1.67 
TEST DATE:ll/4/2001 ALL MODIFICATIONS 
A-D 1 225.20 0.40 3.40 3.80 1.69 
E-H 2 294.40 0.20 5.20 5.40 1.83 
1-L 3 153.00 0.00 2.40 2.40 1.57 
M-P 4 294.40 0.00 3.60 3.60 1.22 
Q-T 5 230.60 0.00 7.60 7.60 3.30 
U-X 6 
TOTALS 1197.60 0.60 22.20 22.80 1.90 
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Table 5. Aggregated data for Field 1 and 2. 
Test Field Sample BCFM Visual Total Ave.% 
Date Number Weight (gr) (grams) (grams) Weight (g) Damage 
CONTROL 
10/26/2001 1 3586.40 4.40 76.00 80.40 2.24 
11/2/2001 2 1403.80 1.20 30.60 31.80 2.27 
ROLLED AUGER WITH 3 UHMW STRIPS 
10/26/2001 1 3485.00 3.00 72.60 75.60 2.17 
11/2/2001 2 976.80 0.80 21.00 21.80 2.23 
ROCK TRAP DOOR UP 
10/26/2001 1 3477.40 3.20 81.80 85.00 2.44 
1112/2001 2 1144.00 0.40 22.40 22.80 1.99 
CRADLE FEEDER HOUSE CHAIN 
10/27/2001 1 601.40 0.40 9.60 10.00 1.66 
11/4/2001 2 1330.00 0.60 21.60 22.20 1.67 
ALL MODIFICATIONS 
11/4/2001 2 1197.60 0.60 22.20 22.80 1.90 
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Table 6. ANOV A table for Field 1 using the Proc GLM in SAS. 
Dependent Variable: percent damage 
Sum of 
Source DF Squares Mean Square F Pr>F 
Model 2 0.24297333 0.12148667 0.60 0.5620 
Error 12 2.41020000 0.20085000 
Corrected Total 14 2.65317333 
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Table 7. Least significant difference table for Field 1. 
***Means with the same letter are not significantly different. 
t Grouping Mean N Treatment 
A 2.4680 5 Rock trap door up 
A 
A 2.2500 5 Control 
A 
A 2.1660 5 Rolled Auger w/ 3 UHMW strips 
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Table 8. ANOV A table for Field 2 using the Proc GLM in SAS. 
Dependent Variable: percent damage 
Source 
Model 
Error 
Corrected Total 
Sum of 
DF Squares 
4 0.74630567 
20 10.04423833 
24 10.79054400 
Mean Square F Pr > F 
0.18657642 0.37 0.8261 
0.50221192 
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Table 9. Least significant difference table for Field 2. 
Dependent Variable: percent damage 
Means with the same letter are not significantly different. 
t Grouping Mean N Treatment 
A 2.1775 4 Rolled auger w/ 3 UHMW strips 
A 
A 2.1683 6 Control 
A 
A 1.9900 5 Rock trap door up 
A 
A 1.9220 5 All modifications installed 
A 
A 1.7100 5 Cradled feeder house chain 
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GENERAL CONCLUSION 
The first part of the project objective was met, a difference was found between 
ear orientations. Specific ear orientation into the feed accelerator has a significant effect on 
grain quality down to a 1 % confidence level. Roll-in orientation accounted for the lowest 
percent mechanical damage, with the highest being tip-in. 
The second paper showed that controlled ear orientation into the feed accelerator 
is possible. The initial part design attained the desired orientation in the com head, however 
that orientation was lost in the transition between the prototype part and the entrance to the 
feeder house. With design part modification to the rolled auger trough and cross auger ear 
orientation would be maintained into the feeder house. Although orientation was lost a 
reduction in grain damage was observed but the differences were not statistically significant. 
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